The local conformation of ring or cyclic chains is substantially the same as that of their linear analogues if the chain length is sufficiently longer than the Kuhn segment length  −1 , which is the chain stiffness parameter of the Kratky-Porod wormlike chain. 1 The discrepancy between cyclic and linear polymers may become significant upon shortening or stiffening the main chain because the difference in the curvature distribution becomes prominent owing to the topological constraint. Little is known, however, about the chain stiffness (or length) dependent local conformational change, except for the case of the super-helical structure of cyclic DNA, and the helix pitch (or helix rise) h per unit chain length, determined for the corresponding linear chains. 8a,9 The experimental values for cATPC in some ketones and esters are, however, appreciably smaller than the theoretical values calculated with the parameters so determined.
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This suggests that both the local helical structure and the chain stiffness depend on the molar mass of the cyclic polymer chains. Although the particle scattering function P(q) was determined as a function of the magnitude q of the scattering vector for the two cyclic polymers in different solvents, [8] [9] appropriate theories or simulation data are not yet available for semi-rigid cyclic chains. Recently, Ida et al. 12 calculated P(q) for wormlike rings with a variety of reduced chain lengths, that is, the ratio of the contour length L to  −1 or the Kuhn segment number NK, allowing us to compare them with experimental P(q) data. We thus reanalyzed the previously published P(q) data to discuss the difference between the molecular structures of linear and cyclic amylose derivatives in solution.
The previously reported P(q) data [8] [9] for cATPC in 1,4-dioxane (DIOX), 2-ethoxyethanol for cATBC, corresponding to numbers of saccharide units between 24 and 290 for the former polymer and between 35 and 240 for the latter. The dispersity index Ð defined as the ratio of Mw to the number-average molar mass was estimated to be 1.05 -1.23.
Monte Carlo simulations were performed using the method reported by Ida et al. were generated to obtain an ensemble average with the appropriate monitoring steps.
According to our previous study, [8] [9] the chain thickness significantly affects P(q) at a relatively high q range. The relationship can be considered by means of the touched bead model 15 as follows.
Since actual cATPC and cATBC samples have finite molar mass distributions, the z-average particle scattering function Pz(q) with a log-normal distribution was calculated numerically to compare the experimental data.
The calculated Pz(q) or P(q) values with the best fit parameters  . We then adopted the  The negligible difference between the P(q) data for the discrete wormlike chain and those for the continuous rigid cyclic chain in the high q region supports that the current simulation results are substantially the same as those for the continuous chain. for the cyclic chain is substantially the same as that for the corresponding linear chain when NK is larger, and the local helical structure of the cyclic chain is almost identical to that of the corresponding linear chain.
Although such a threshold value of NK may depend on the polymer-solvent system and/or the origin of the chain stiffness, for example, differences in h and  (stiffness parameter). While there was no significant molar mass dependence of the wormlike chain parameters, a clearly small  −1 was estimated for cATBC in THF, even though the difference cannot be distinguishable from the radius of gyration, showing that the analysis of the particle scattering function of the cyclic chain is important to determining the chain shape of the rigid cyclic chains in solution.
